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ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the occurrence 
defects as much as possible in an epitaxial layer and in 
the region near the interface of the epitaxial layer and 
a substrate wafer and to add excellent gettering 
characteristics, by using a silicon wafer containing a 
specified amt. of nitrogen as the substrate wafer and 
depositing a silicon single crystal layer by epitaxial 
method on the surface of the wafer. 

SOLUTION: An amt of nitrogen in the substrate wafer is 
specified to 1.0x1012 to 1.0x1016 atoms/cm3. The silicon 
wafer 1a satisfying the above condition is produced by 
Czochralski (CZ) method or magnetic field-applied CZ 
method by using fused silicon containing 1.0x1016 to 
1.5x1019 atoms/cm3 nitrogen. By incorporating a 
specified amt. of nitrogen, the density of point defects 
during growing crystals and aggregation behavior of the 
crystals are changed to suppress production of minute 
defects or void defects in the epitaxial layer 3 and in 
the region 2, 1b near the interface. Further, proper 
crystal defects are produced in an IG layer 1d to 



enhance the gettering ability. 
COPYRIGHT: (C)2000,JPO 
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[n*& 1 i g^WS* 1 l . 0X10" atoms/cm* 
iO± 1 • 0X1 0" atoms/of «T-C&*-> 'J 3 >** 

* ;M£fCcfc >)5/>J3 >##SaJl l> ■C * * C i 
CiS*«2] BBR^Wfi* 1 1 • OX 10* 'atoms/cm' 

fci/ij=i>*«rJMi©IHB*&*S 1 jim*r©*ttK 
fiSSSff-CO. 1 umfiLhOiSa^lBOttK* 5 
5X10' i/cm ! HTr*6Ci«»«i - r** / y 

[»#JI3] ■W-WW#1- 0X 10" atoms/cm' 

l»T itam#-e2 0 n mfeUiO^XSI©*S*5 5 x 

x. \£ * * «fc 0 mm Istcis y a >#*SS«©# 

-CO. 1 /m«±©*S»MB©**a*5x 1 0 4 ffl/c 
m 5 «T-C**lltWI 3 E*W>f V 3 V^PWMMR. 

41 0X1 O 13 atoms/cm 3 tt± 1 • 0X1 0"atoms/ 
on 5 «T*ff Lrtt*S«0JI2 ~4tCiEiSO-> 'J 3>¥ 

fe^r ttS&STC 2 0 n mJJtJ^&H^ffi^* 5 1 x 

io« i/cm 1 «±-c**it*«i-5tcia«©i'y 

[fg3}?Ji7 ] 1 . 0 x 1 0 16 atctns/an' tt± 1 • 5 x 
10* 'atoms/on' «T®^^t5'>^>«* 

ffll >t»ia ifc-»;3 >m*SH B B *> 6»fcs/ <; 3 > * * ^ 40 

*g K <fc 0 S/ y 3 C £ *#S4<t 

T •& ^ 'J 3 #£«©*££#&. 

cii^8] ^ a ^ -5 ^ * -SjXttfi&tBBiJjn*- 3 * 

9;l/**-8:K:J:0. MaflE*&8 0 0-C©IS-WK 
|6B*2. 0-C/^W±©»*PaS^*S2^^ >,;::,> 

ausiifrfcflfifc^y 3>^ *^€:-y-^x h u- r 
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[1**319] *«*9**+HKtta»a«o*«* 

5 JbX*-^K:«fc <3 8 0 0 *C~ 4 0 0 'CO^MSBm 

41.0 -c/^WJboJ^aaifcwss^^^ u 3 >JWS 

p>Wc> 'J 3 > *«tt^HU- h 3 * ^ i 0 
10] 9=- a i'-7Jl'^*-SX«»«EnflII5 1 3 

oo-c©*g}aseasn*2. o^/aeLbwwia*^ 

WfiSb. ?|*«J*8 0 0*C~4 0 0"C©ISSfiKiSH* 
1 . 0 •C/^Kt±©^a>SS-C*R£Ufc-> U 3 >$i*£ll 

[iMc^S 111 1.0X1 0 18 atoms/cm 5 J£l±. 1 • 5 
x 1 0 1 ' atoms/an" JSlT©***3*f * f U = >»» 

tffl»,»-cs/ y 3 >*ttft*w*f*ii*a s ~ i o «cib 
ts©-> u 3 >*aMMHE©«»*fc 

H if =j *z + -mc X 0 WRE b te y 3 6 
/t^ y 3 >•> * i o o o *cm± 1 3 o o *cj-^t©s 

S«©»jfi^*. 



[000 1 ] 

3 >^($gS© D ° a ®5Sc#«:iaL/. 

jWlte <k C^x £ * * + i * y * h b " h * x 

fPBS-r s ^ ^ x©^a 0 *ft± s * * * fc ' * * ^ 

^(*SSRO : -?-©5SS^ ti: M" r ' 5, . 
[0002] 

[ee*©sw] ^©^w^^^s©^^^^^^ 

©SJii*S , 5 ; &<ST3-B-'5CiA s »l6n-C^-5. C©-^ 
^ x*J?3 ») <ST©MH i b 1 1± . *SSHiSii:^©S« 
^atc 0 . lmaSKOK* Fil/-C«ttHSti*COP 
(Crystal Originated Particles* -5 UiCrystal Oriq 
inated Pits) 4»tf*l*^B««ttHSn"Cl,»*. 'Ctl 
'J 3 >i#a»#gffi£T >^-T - jiS!<b*^©S^ 



(3) 
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{CBf tfti*. COPiBCOJ:^ MBBEfrifretfttH $ ft 

(CZ) &hb<K®®ZtmLttCZmt / C < }:*) 
W« S ft^-> V 3 . C ©XRS©X<*«**£J1 

*©nie**©aa* <«t. awwastf*-*-) 

*il/C. CZft^®«EPtoCZ&«tJ:9WJai^>y 

T!msA&f«. x o -> y 3 >wsiw*x ir > * v * 
;n&s s tr * * ^ +• *f y a >»ga s: £s § ft - 

[0003] ifcf**^*^y 3>»KW. -t^t'fc 
J: 9 KS/ 'J 3 > 9 x/vhKBMW'KIB*****'^* * 

* + V * *Jf 9 * <"©£ffittSS (COP fOS 
tfft*»l\fiK©«B. *6«cttWi$«WW>«WE> K 
xtt63HlK45«,»r 9 *^«KE«KcWrr S^^K 

^BawtawKiag u-c * e * * ■> + kxfb^r 

WB*«feOTIr»fc. C©fc&. *fi*tt:tK**f 
j/ y 3 >«R*»4te«>«:i*. iwtft 
t^7c9 * ^ a #<e>^®*j-* cf*«as!rco*WBfU* 

•/ y a >***««%ffi3 * f- -^tsjfi-c* * <fc 5 KT 5 

[0 004] -ec-C. lt**^tJl4SfiKII->^« 
4. MX.I& #ia¥5 - 2 8 3 3 5 OflS«fcl*. -f > 

^{*-i7x^©issjS^s* J ffisg^ft" cl ' 5;2 '° * /c - ^ K 
jp8-2 5 05 0 6^^tc«. **sa^ya>-f>3- 5 
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*>©I'G»HS&. MttrlHtt (BMD) ffiS**IJffl) 
T4fcs!)©SS«HJXS<i:. ^nH""^* 
JUjaaXS'SrtT^CtSCckn.-C. BMDttttBHMW** 

*iW8Sft-C«r»4. 3 #gil¥9- 1 9 9 5 07# 

!|$S©J»ffia«:«fcO. Wctt&itfS (D 
Z) H*«-r*i8£«LS I SfSWcS i O 

sftri,**. cft6©«we». §a»a^L-r^ 
£&©©. 9*^@f*© 1 G^ j £ii«'r'2>^i i £*« 

* ;uatfi(C*rtF & *5E£«:ttiH* 0 * ft 

2406-^<&#g«:« > S,6*D«)5X10 8 <l/cm J 
W±©iSSS^^XRS*^ty1f^^ h U- hi/ y 3 > 

>y«*«*fc , >*^#fBfc3ft*«' > *. 0*0 ft* 1 
e>. *^^(C*Jl»-Cfc. I GS&*5:ffi5tL'"C>' : >^^- 

2 6 7 1 9 5^«) . Wfi*©»*l**©«W. 
^ttS* 5 ^ 1200W100 O'CWjaSKH^rffl® 
rS«W**IWTS«W (#Pi^8 - 1 2 4 9 
«. #Pa^8 - 9 1 9 8 3^fg, #H¥9 - 2 2 7 2 
89f£f) *sfBgSftt^S. <SRSfijSSt?©<iSW 
fiE-Ctt, S?l*IB*ff**a(rt*4SUaj**» <vaca 

) nc V ) ©fe H ^ss^ffif ©aiAS=&-«d>5-&. ^/crnfe 

*W«iaB[*l«»*»ttfe©fcr*c4«:J:»). ^*P* 
C^-Tiillfi'fflft^TIS^ffi (vacancy) ©^44 
ffl^. -5 *>©r C©^ffi-C«. fiESiie©®T«: 

OsteSiXRS $ -l± -S <t O Mil*** ^c. ^ 

«&««#©•«»««■«*, ffiett©jarr ©MB«fc t > 

fc©©. COPSBS©ffii«««tftl 0' fli/cm 1 Sfi 
AiHS^-C. Jg^2>COP©<5«> m«5xl0 4 ffl/ 

0 [0006] $fc. *ttft*flSI*tt:COP*ffi*StfS 
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ffitamicb. hfrbx^Jx - w&l 

8359-20264 *2M~Cit. TkaWHMlfTiMHI 
COP28S£10 4 f/ci 1 tiTi^**Ci*sra?n3 

^©bs^o. 5 ii m«rtoWBl«rci«F+»r. 10 
it'^i'tJi'l-? > i^*i/tAliti' l J3> , i , t^ 

©f&iasK: j: o r x k * + s/ ♦ ji/»f*3 K^s^ffi 
c o o o 7 ] f »; a ^m&ikicmmzmtia-r zctic-o 

^-C. »3te»^«:W0ri*«lil86 0-2 5 1 1 90f 
^mtmhtit^i. 7B-FV-XFZ) igfeB 20 
K*3t«ii«Wl*i^> ^HBS5 7- 1 7 497 
^&$B3?Ki!£B^©TO^ 6 tvt W 
¥5-2947 80#£$8«:tt. 5"^ a^KWfllUfc 
SJR#iS*«©Hre** 991 i tllKCPfflXBS^ 0 

akumoto, et al . ; Proceedings of The 2nd Intemati 
onal Symposium on Advanced Science and Technology 
of Silicon Materials. P. 437-442 C1396)fcm 3*1 30 

U a >MB*«:S^iE?L©***>4<' > »^^*'^ i 

mm<c*s o> -c «gss*eeR i«^^RB t, -c«e© 

[0008] 

i GiBatwawc^iJ^awa*© 

CO 00 9] *Ct. *^5i- Jb»Lfc«*!8IHC*» 

it s raa&MBft x f * * f + ^«*i«fc tfx f * * 

-fiEa* hftxtif + ^ + ^'J =>>^<**«&c>'« 
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[0010] 

«. iiijif/tAMii. 8i&icB:s"j3>f 

(i) «Mr«#i- ox 

1 0 11 atoms/cm' W±l. 0x1 0" atoms/cm* «T© 
K> it^irVtJl'SKJ;^^ 3>#teB)l ) &*iSL' 
ffiSR^WS* 1 1 • 0 x 1 0 1 ' atoms/cm 5 «±©V V a > 

f <fc o => >$Mea« o r & * f y =« 

* x f * + JH* K J: 0 *iSI 'J a >J *^ 
■ftll©WB*»e>aS3 1 umS-C©Wc*5t^T. 
#-C 0 . 1 u m«±©*§B:XBi 5 x l 0 4 <!/ 

cm 1 E(T-C*4Ci61$tit5'>y3>*«'*l 
( 3 ) BBS**** 1 1-0X1 0 1 'atons/orf « 

&C x t $ + ^ + ^ffi^C <t 9 2"J a >#*SBH L/ T 

-c, as^^-e 2 o n m^vmgkx.mo&sw 5 x 1 

3W*»E. (4) ^< i4«et^ hU-h^x 
Ati +•> t ^SK J: OftS Ufci^ V 3 

gg^-CO . 1 U mW±©^B^RS©SS* J 5 x l 0 4 ® 
/cm 1 «T"C$)S ( 3 ) E«<DJ/ U a >ajiag($S^. 
(5) MffilJ-^H-"- h^x/^geCCfiW*!. 

0 x 1 0 1J atoms/cnr &Lt 1 • 0X1 0 1 ' atoms/cm' « 
T^Wl<-tft£ (2) ~ (4) {CStS©i"J3>^t* 

««, (6) irsH-y^ nx-h>5x^© , 5* t P'i>«c 

*«,»r . mmtW-C 2 0 n mWiW^B^RS^ffi* 1 1 x 

1 o' m/cm' u±-ca>z ( i ) - (5) «ctat£©-> 

i;a>3|5l*lfe (7) 1. Ox 1 0 1 s atoms/cm 5 
ELb 1 • 5 x 1 0 1 9 atoms/air feTF©^*^^ * ~> 

xt - **^ + * "3 ^y 3 >*BBHt:i^S-&S 

+-^{ci o . «@jag*e> 8 o o-c©^Baffi«sB«r 

2 . 0 •C/»6l±©J*»5MtrTrJSS L fcf =» > *»» 
ifip>mtcis y a HI/- h ^ *•»><!: L/-€- 

©^®tc . x t- » * + *mt <k ^ ^ y 3 >*feBB =Sr 



m. (9) ^s^-5J^*-sXBBi«enin^3i'9 

;UX*-^tCj:*) 8 0 0'C~4 0 0 •CC*SSfiSSiH?: 
1 . 0 «C/»#±©fc*8Mt"C*iiS 0 fef 'J 3 > JWSil 

©*®«C. xK **W*tt«J: 9 J^: 3 

jtsi-r *c4*#»4-rss'y 3>¥»<*»«©ss{jt* 

& (10) fa* ^a+HfcXttfcfcHHn*- a * 
7;U^+-ffi«C«t 0 *R8l/fc S/U =J >*tt»"C* -at. 
*SH3 I±W^ ©f 'J a >«B*WBilt* 6 8 0 0 

L,, 3l#£fc*8 0 0°C-~4 0 O'COfeSSSI&S*! . 

bbk: , jf?t->t jwttK <t o ^ y 3 

■T S c 4 «WR £ 1"3 f y 3 >^WMHR©«***. 

(11) 1.0X1 0 1 * atoms/on 1 £t± 1 . 5X10 

"atons/rf jarcos**^-r«»^y3>»**ffl^ 
tj/y3>«ft*t)«-* (8) - (i o) ccett© 

*/i; 3 >a|«WMI«OllJt**fe. (12) 

uts/ y ^ ija>^*iooo 
•cw± 1300 •c«T©«flre 5 #y±&*5® * *> 

<Dt?7X hi/- h £l/-t©Rffitc % xt£*-> 
r*8KJ:9f ya>*ttJM.fc*fflW* (7) ~ ( 1 
1) JCfBtS©^ V 3 >^#S&©Sfj£:£&< 
[0 0 1 1 ] 

C0012] jtr. * i©«*«. g^**** 1 . 0 

x 1 0 ,J atons/arf «±1 .0x1 0 1 6 atoms/cm 1 fcTF 
(C. xtrir+Sz+JbttlCJcOS^yaXttS*****^ 

cools]!/ •j3>^*^©amw^tt©^'ft j ff r ^ 
-c *«kaa«B#©f*H*RBfc 4©x«#fe££«§ cut* 

tt! V'J3>3*^*©£3^?rS£l. Oxl0 1J at 
ons/cnf CLtl. 0X10" atoms/on 5 KTiT**K 
*l/C. c©J:9«:i'y3>f *^**^ h 
u - h 3 * ^ i l -e©«ffi«:x * * f + •K'ftK J: 9 v 

®ifi«I^C<DSS/hX|SB J f 5 S7LiXPiS©^ ; £ffl'ft , i"^ 4 4 *> 
^4KDS3R^WS* 5 . 1. OX 1 0 tJ atoms/cm 1 tBSST 

»-5x^*ffi©«/ht^ h^^WWrtT. 1. 0 

X 1 O^atons/on 5 jHTtt. + t')T7^^A^» 
^©mmfi^Ftt^t Ofc 9 fflSXH t 
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K#*a». SjtfMftiRife^BS IMS (Secondar/Ion 
Mass Spectroscopy: 2^^*>H«»WKS) 
-SCittiOaiJSrtS. tt*rWK"C©Mfitt. Applie 
d Physics Letter 4 P 488. 1985 CCiEK 
©*ffitCS£l.». 9 6 3 cm- , ©iKSftr©®ilXf-i'^e) 
1 . 8 3X1 O^atoms/W £f8C>£ C 4«C«fc 

[0014] JU 2©»Wtt. KJ^WS** 1 . 0X10 
"atoms/on 3 fci±©^y => * r 1" 9 
* » i L> -?-©^ffiCC x t * 4 + rt/ffiK «fc 

iiaii«iim u -c«c s y => -> -c. d> 

^RS©?SS* 1 5 x l 0 < i/cm' WT-C**Ct*# 
[0015] KlSgfi?: 1.0X1 0" atoms/cm 3 W± 

®g-cp^ni^-c*> z . ~> y 3 > * ^©K^W** 1 

1 . 0X10" atoms/on 1 "J 3 > ■J * 

6 . S^^WS* 3 1 • 0 x 1 0 1 ' atoffls/cm" «±©'> V 
n^x'NjP&irc**. iCit. !/y3V9*«1" 

-ec-e. ib*^*->+ji'Ji©a a De^s.t3!-rv' , ;3> 

ysiv^x^©*®*^^^ 1 nm*«)»«t«*a 
■CO. l/i m W±©^h1^RI* s ^S{c^?£T 54. x f 

g*<i:^>3a^*>©^*>-5>= D-^X*so. 1 mafeiJi© 

<i7*^-c«^?LXRS«. io' (i/cm 1 ms*>-en 

tLh#ffiO-C^te. 4C3#. KTEmlWCCO. lam 
JSLhOttJWcKOtSBC^B x 1 0' l/cm ! «T-C* 

^ , x tr ^ + ;i/«rt«:^PS t^S-H-^c^^ y 3 > 
^3l(*Sffi 3 S:f# C 4 J&J-C t i> . t8SB««TC 0 . Um 
K(Jb©feaXBSSS* J 5x io* i/cm' tt"C». x 
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[00 1 6] 3&3©SW«BBRS«Sa j l- 0X10" 
atoms/on 5 «±©f y 3 > * * >vfc*7* H,- H> * 
/><fc t,-£©^®tcx + ;US«c J: 0 -> 3 >»*S 

*H**8ll/"Ctt*f j3l/*iSt£gffi-C*o-C. 

■C©«^fc*J t, > r . tt&&Jrc 2 0 n mfet±©feS^fS M 
<E*g#5xlO' ffl/cm' ttTT*>SCi*1#i4i 

[0017] fi&g&fiL - ? 2 o n mfeLhOteS^ffitt. 8? 

X 1- U- h * b"Cffl^6nS-> »J 3 > "? * 
C©£9*SM\WBtt. 10' li/cm 3 !Ifi»>-€-*lfcJ 

L,TfllC>6*xSt'y 3>?*^*ffi#»e><£3 1 iu.m£-C 
©^(c*jC»-C, iSS^»-C2 0 nmJJLhafeH^PS© 
ffig*55xl0' <@/cm J WT-Cfentf. xb'#*-> 

£#f-C* -So WMWt&bl-'t • aMS^t? 2 0 n mfe* 30 
±©*SS^H©?&K#5x 10' i/cm ! ffi-C». & 

»rfctt*S SKIS ^tWt ;i<Hft(c.**a , 
[0 0 18] Se.(C, »2©»Wi»3©«W*«*^ 

*>-t±fcHi4©#s9i. rsc*>5. mmsmm&i. oxi 

0 l 7 atoms/on* «_fc©i"J 3>tf *• F 
^:c;N<LL*©ilffiKxe**i'*A'&K<fc^>y :3 > 40 

mc * o i/ y ^ ^hwssb©!^* 1 6^ s i a 

mgr©^^!^. i£S&JrcO. 1 nmHM 
JIKfiS©«K**5X 1 0< fg/cm J «T"C. *^BtS 
&»-C2 0 n mW±©*SSiXRI©ffiS* s 5 x l 0 ! <!/ 
cm 1 JMTtr**Ci«t«4r5*JW*««i«C 

* + ;H **-T * f'J a JCiW 
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[00 19] *fc. m5©*BJ(i^2~4©^W©xf 

«rl. 0X 1 0" atoms/an' fiLhl. 0 x 1 0 1 ' atoms/ 
on* «TdWl/raSJ^V3>*»»«RT**. 

[ o o 2 o ] at i ©^bj-cism 5(c~> y 3 

^©l^i^^H^t-^i©^*?.. fi£-?-C> C©i: 
5 'J 3 ><i» * ->">£x ff + ->M£K «t "3 

Xffi€:<B^O J fr< O-C. ^OSE^MXBxf^*^ 
■p ;Hi£W-r 5 ^ y 3 >*iS^»'K*g«-c # s. 

[ 0 0 2 1 ] 3 »6 ©^i3«. n 1 ~ 5 ©«W-C 

r . 2 0 n mfeLLCttfl^©*** 4 1 x 1 

0'ii/cm' J51±-C*S^ya>***S^**- 
^cte, t&1^* h u- F ') 3 > •>*^©/?*'t , 'il*lS^ 

t», jfiF4 0 < tt 2 0 w m«±rta5©«a^*JITfc©-C& 

6. KU"^^ h h 1 ?! ^rtasfWKttfflwiir 2 0 

nm^Ott**** 1X10' i/cm 1 

[oo22]w, ±feu/c^ i ~» e ©*««*. 5/ y 
3 > ^ * ^©ibffian;©«©*n{=i«:H*3 ^-rssszi-r s €.© 

[0023] w±©<fc 5 so y 3 >^{*a«©5sut^ 
satB. cz& xiifiSJiEntticzstciOJiai© 

[00 2 4] 1. 0 X 1 0 1 ' atcms/aif 

VLbl. 5 X 1 0 1 9 atoms/on' JJlT©^!^^ Z> is 

y 3>w«*ffl(,»r c zttXBawaanc zaK j: »)« 
fiSufc-> y 3 >m B B *?»Sfc-> y 3 i^^-y^x 
hl — f.^*^<bL-e©Sffi«:> *K?fJ't*S(cJ; 
Di/y 3 s *s y 3 >^#*S©IS! 

J63&ffi-C**. C©^ffi©*]teK:*jt»TlJ 1 . 0x10 
"atons/cm 5 W±l. 5 x 1 0 1 ' atoms/cm 5 WT©^ 

4$wr-5-> y 3>sss ; £ffloT:c zffix«siJiEn»c 
z^cj:«5*fiS;i/fc->y3>#tt 0 l-f>3'. 7 htx^-f 

x, mw^m^xm^^')^^^^^^^ 
- h * m i L/ -e-©a® cc ^ y 3 >**gsfi * x t: $ * 
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fti^cvD mmic j: -» -c na s y 3 > f * ^ * 

tC8K9&£ftS^©^<^**^ W. Zulehner an 
d D. Huber; Crystals 8 -Growth, Properties, and Ap 
plications-, P-28 (Sprinqer-Verlag. New York.1982) 
(Cfl%Sh*«t5K7xlO— C*0. WiSS©***!*© 
■HR*ffl(.>-C*»W«r*ctK:J:»)fias*5. oxi 
0 ,J atoms/air CLbl. 0 x 1 0 "atoms/an 3 ttT£* 10 
iTS^y 3>^*/n©S^> 5 '^<!:&-2>. 31 K * 

ftffiWC. **#X*H«rt-CBfSS <-»CCtt9 0 0'C 

#>6 1 2 o o •coeart©— 3£fflK> ©fitsnssrjwa 

[0025] 1 • 0X10 1 J atoms/cm 1 JiLL 1 . 

0 x 1 0 1 1 atoms/cm 3 OT©fSS"C^*^ ^ <t 9 «C^S 20 

^tSi*. ifea^occoptcn^snso. Umlg 

wets auk* 1 1 5 o 'c~ i o 5 o -cfis^eH^tb 

•ss <hgf&#M^?L©igJi*}WJ-f a c i r^?LX 
mzimit-rz. racs 1 0 0 o*c~4 5 o-c© 

*cc <k -z, x is 3 > v * ^sjs<H«te#arr * ©»s 
i§ic#j5? • «D«§-rs. *©&*. if-rx;Mia*jrc2 

0 n m&±<DWlWW5 * 1 0 1 l/cm ! fitTC* 
S<fc 5 SlPif * +5/ +;HB©#& 6"3* x f+f 
^JUgiiS^©-^* r U- h^'^^x^*®*^ 

[ 0 0 2 6 ] * 8 ©ISHJIJi; C Z ?£X«SBt§E|tfJlIC Z fife 
ccJ: o 3 |±Wfi)E*«:"> 'J 3 >«Hr JKfi so 
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Bfil£>&>6 8 0 0 ^©tSSSffiietS* 2 . 0 'C/^fei-t 

©^ajaa-c^uwfii/fc^ya^'f 

[0 02 7 ] ^';3>*es9i±BSS4>«:*jc»T. SB 
mfrh 8 0 0 -DDSlttllM* 2 . 0 V/A&LkV*& 
,^RB©Sm%«l*lJUS?L^R6*fiS^t 

eM-4XttiSffift*-C0. 1 tfmH±©a?l$aB*fi* 
{tS^Siit^-rX^E 0 nm«±©a^PSt>e 

[0028] * fc. 9 It. C Z^WSBiEnftl 
C ZStCJ: »3 S^U 3 VJWSJKIiTWWKS/ 'J 3 
g*8 0 0 = C*>64 0 0'C©^^SSffiH ; &l. o-c/ 

#«±©?^airc?'&s»uii» i//c^ y 3 * 

[ 0 0 2 9 ] S/ 3 >4HSA9I ±«E J S*«:*t»f . 8 0 

o -C35>6 400 vmummm* 1 . o -c/^Jii±rm» 

S-e-SCiW. ^?L^R§«:-^^ 4 "CW3E7l.^RB* s F^SI5K'fb 

^L^lS^SCCWLT^^bS-a'*. — 

Iff m«tttt»JSB*««*l>lW '3 *i ^> *«Sftt**» ^ 
SB-^Mb^ffijit-s. c©cto«cursjjtu/ci' i ;3 

©ii5&£&s:DfiK:*}t,>-rs-' y 3 ><7 ^^ajf^sts (T^c 

fc^, if ^^->-f;i/)gi1f7'X hL/-h-?*^©#® 
fg*fS) tc«-9- -f X«it:^^-C 0 . la mWJb©^?LK 
RS^rig^fb $ & £ £ *>tctr -Y X*s 2 0 n mJW±©fS^ 
KBWBSMfcStt. i/'J =»>»«*»»«:«: I Gtt 
^5rl9^ 3 -tt * WSJ* tt«Wv^B t*JStr * f U a >* 

[0030JI1 0©^BJ5J, 8 0 O'C© 

S!*«*S©:fe# i 8. 00 "C* 6400 "C©^^©W*© 
^*ffi*^*>-a-fct©-e, ^rfX Y U- hi"J 3>t7 

m«i* $ 6 «cas[iNB{b • *£je*t $ + f * ^xe 
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[oo3i]*ii ©aw**. &«ra£3i±/fc6*© 

»K £9»*Kxt:*^+Jt'fiJtSii5©'9""7* H — V 

*s <) 3 > * /N«®©ites^ii *«* l** < -r * t <t 
* s 6«ciwn s ***** tfce.Titf+ft u 

[0032 1 ^12 ±»cit'*X «f fcfflRW 10 
CC<i:9f#i=>ft517"/X HU- U ^StS^ 

Sias« iooo *c«± 1300 -cwt. as o < tt i 
i o o -c«± 1200 "c«T*«aisr»4. as^isi-' 

s„ $fc> 1 1 5 o-cen-cttMK&htf 

^ h U- f- 9 * ;>«B©ffl7£ft©W8I* s £ £ 5 . * 

xtfr+J^WSfifir©'*?';* 
£>f,©^^^ra<Di^^*Sblgbfe^?.. ±12© 30 

[0 0 3 3 ] t>tlt)tl<D&M&m<<cm'3<. *7~1 
©•^^ h!/- hi/U a^'JsAtcJtLtB. SifSi©®. 

h U- h is ') 3 > 9 x^aWWcJ&S't? * 

[0034] #±©«fc 5CC feSWfiX©^5cgm*SS 
n. ^.tc^ft fc*ss> tfc, itrissts 

HCC*t u r x f H * + ;bl^lltca0ttt*M6S«6 0 
fcfea^xKJf+^r^ffl^X HU-F'Jx^tO-C 
ffli,»ti tr 2 * + ;u 3 >^S»S=&MjS-r S c 

TU£<*5&xt'#*WJi'Jlit$imc£l3*St,»«:« so 
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>m*?*+#ccw-f s~> v 3 >#y»{*a«£fssc t 

[0035] ^l^©^^*®^^^ h U - h 3 

3«©8fci:(2£H 1 iCTjk'ft H 1 Cctet^T. I GH 1 
d. XRS«KW^t«l«l cRC«S^P8«S«l b*>6 
^SS^Sftl-f-T'^ h U-hV';3>^ 1 a±«C, 

rxe5r+s/ + ;m3]Wtaibri,>«. *^bj© 

H*H2K:^-r. S2tC*JC='-C > IGBld.^PiffiS 

m^itmm 1 c £0^11^1 b*6^s-9-^ h 
x hi/- h ^ x »n m 2 0 r x tr + ;H 3 

[0036] 

C ft 6 ©HJt«©ge(fi CC «fc -o -C80RB 3 ft S © 

[0037] #^«:*W43IJi^ftfi!)ft«iftji-r 
SiaS^ffi*^*. ttftflH*8-f>*ffl (ffS2 0 5 
mm) r. {5^SC*PS (*"n>F-7") . Stx^CS 1 
0Qcm"C*-5. tcfe. ±KSSi«8«ji«C. tefiS** 
S-f^^-ffl (iHS2 0 5mm) T, e^S«PS <#D 
>K-^) . &tn.m&0. 0 2 D cmV&Zte&kmM 

vtc. mmMmm®tm£&te£w> xmm&tg.^ 

mSmmtbX2. 0~5. 0xi0 17 at 
ons/cm' . #m.mm®±bT7 . 0-8. 0X10"at 
ons/cm 1 , iSmmmmtVXQ. 0~10. 0X10" 
atoms/crf ©iSSE (BSBSBttt. ^KJRStCfc OSK 
«S«H*S^XIi^5«m^{c«J:Si^«ffi»Sfit^ 
K*fflU»rfitta) ©3a3S£Sii»Ufc. K3R«Kai>T 
ft©^*) 1 . 0X1 0 1 ' atoms/air 1 (^K>Rffi 

mstmtnom^m^-cniii) t,^-rft©»Htfe 

ift8 0k&©Jl*4*^«t. itS2 0 5mm©^6 0k 

Y—y'G)i/ 'J ^ >8M£CCC V Dffi (Chemical VaporOepo 
sition: -fk^MtajSSft) CCj:«3S{kR*^Jai//c'> 

fc. isV 3>afc^©^3R?ftK«ll?4i0ri5|KjCC®Sl 
L/cS^tB^f x/N©g<tH©/5<**>6 1 ft*/c0©M 
jRS*it»L-, fflt,^©^rfiftcc*tL/-c^ftn-r^*^b 

©^3H§acj sims -caws v ic.uk sims ©^mr 
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mX*>*> 1 - 0 x 1 O^atoms/on 1 &ffi<Di&&lCfflU-C 
ifiSAi 1 . 0X10" atoms/on' OT©»fltCttlH!5© 

<:<»:<, s iMSK<fcs^*^'£©s3S£8w:£S:-c , s- 

ftfritctfi. 1. 0 x l 0 1 'atoms/on 1 kLb£>£S$?£a 
©*§£\ S IMStCj:tM<?i>i'7 , >> FU^©21S 

&±©&KTji3Tftfc^fi^©^*# s i2i& etifc. 
c o o 3 8 } f y 3>*si«ai«©8«jgtc*fco-c». 

fW^ftHHthtf l/fc"!'*'"*'*"^* 

rt-ci i oo'c~i i 5o*G*t?^ai/. -ec&ttrttTk 

[0039] *%^«:fet»t:»?»nfc^ u 3 
«©£««. &&mmzs ummmi>. x\£ 

«BMk*3R:*=l : 1 : 5©SC-l«fMWi» 
L, u «.Hf_^-f.^^i,*^>ji-LS 6 0 0 O-C4fc 
UStiiO. 1 a m«Ji©COP«BII*a«l/te. C 
OP^R5T^*>%^?L^©<*Sf8S©«ttW< SC- 
lWfr&'t-f-f * **S*1 OHHOiBl/, 

— <f=F*tt55Ba®S« (O pP '•Optical Precipitat 
e Profi 1 er ) CC «fc 9 8? 3 1 M m ©ttMKlHEf S 
Sl-CO. 1 /m£Lh©'!M*©^*K*tt* l ' te « O 
PPtcJO&HJSftSO. 1 mal^tOX^it^-f- ■< 
^>u«e*ttKJ:or»6ia*C0P>«*jei:l : 1 
OHflWft S. *-f X*SitS^SC-C2 0 n m«_h©** 

g (IWH/— Jf-I-***?) tciOxtf* 
*xtf$r*i'+A*fc , !f^* t- u-bfx^OlflT© 
|gS 1 MmKlWtf-fclMyHB. S&^tt I G$&m©#6 
*H»c3Sc4*^ H t— hfx^>WP (J?34M» © 
JSJIWBCDttflEilH^fc. lxl0"ffl/cm J 

aNW*««*7^W ^«JS©HMBl^*->© — =>± L. 
rgfS^ffl^-c 8 0 0 'C. 48$R|©l»*!fflM£. KSSTB 
mri o 0 O'CCl 6n#iHi©*UfiS*fT0>. ^©&. # 

fl. U — tf - h * y 7 7 fcj; t*Kfi5&|iJ jltRx 7 9 > 
rt©£ilKK©a^©W&£i?«l/fc. tfc. y-^'J 

*\>k ttfc ^©ayS^rt&fcafe&K 1 O^atoms/cnf g 

g?*j&3-e. -€•©&. ^<-f^«axa©*»w<ctt« 

S-CftSCMOSf&^S^ifil/^. 3 0mm 1 If-fX 
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©P/N«£3frf**«±icffci£U P/N 
©S^aWte©£fM4iH^fcf6lll{Cg^t»fc. ffffi 

»s*a©p/N - 2S8fc©i9nns«:J>tt < ^^>tfe 

( 0 0 4 0 ] *U ( a ) < b ) ~* 1 2 ( a > ( b ) fc 
*|feW©IBSfi«. fccfcy^U 3 (a) (b)~-IU4 

(a) (b) icttmmi'cm-rimm^^mm.t^mw 

ffilS*. *J:tf^7*^A»fl^*©3^#£mT. 
[004 1 ] (*6fe^l~6) HiSWl~6ri3:. Sll 
(a) feitfI2 (a) K^-f J:5fcSjt*#-Clgl3«t 

ac Z<M6lW8»*JHC»r5l±tf*SRL 
fc. *te. * 1 ( a ) **ia* lOQc nKDHACCfftS 
fc©. ^2 (a)#&tfi^0. 0 2 S c m©*SI|{CiftS 

as. mm&mm. »©3«s-c**. 

[0042] C ©C Z ffiW6atfj»gW**&SB6« 

^^■•2.531^^^9 a £ cn^r^SI-rSMI&M^^^ 
9bi*> ?>=»sS $hfc;^#9i? I.BfS-' V ^ S 
feiRg-r 5->'J3 >¥**3 I * ±fcflF 4t*8. *y # 

9 mmmtmm^ - * 7 * jnjfct - * 7 * & 

a? li^nasccaiif s ©* i»±t s fc&tKgwt 6 im 0 

HO0;^«:t9g3n-c*j»). c©^^^9 ttE^SftT 
t,^C»|gt(ifia<t@IEi^Ja8Cc«J:o-Cg^34a, C©IE 
«ttaBcJ:-»rBr5E©aflE"eHlKStiSi*«:. 

9 fi©-> 3 >af*©«d>K i at,»-> y ^ >hwrsrh 

jW5Trs©4fli^fcs&KJl/^!l«9«r^3*S«J:5K: 
ft,t^}, ?|*±^4F*9(C{* 1 STS^c?|#±lf 
1 0*iiSg3n. c©9^+—©T*8K:»*^S 
SI \ *Wfc$Z>*w $ 1 2jWR»&*IT(,»*. C© 
9l#±tf 0©±SffllJ«. 9-<+«*±»rtl5 

Scfc^.cca^^i^itf^g^we.ti-ci,^. -eo 

■C. ?|#±lf^F*34tc«. ?|#±tfj^4CC^3ti/c*' 

_t^4F*95rSSiiLr^^aiP 1 4*i6gfaS*x€>. 
C©<fc"5K3!/^«rSfea3l±-5©«, ^ V 3 >#*&JiWR5 
*Pl#r^MEgia55l^±tfjPF l 34iC^-r€>S i 

■c*s„ 58»EPJoilga#«:fBi2i-'-c>' J ^(' i * s - 
[0043] **feF!i i vsov-cmm. imw 

3R©*SJ|-C*5. <eS?**PaS««@?aS (Tm) ~8 
0 0"C£-CW:2. 4*C/^*^0. 8 'C/ft<T>UWC<S!t 

■r i, i>muis.m&-r'<-cK.*si>x 2 . 0 'c/&)a±xut 
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KfijgfiH"r^rcc*jt>T l . o'C/»£l±t:B4*-5 
/Co ch6©*««. t^xn^-h* 

B£l <b)*J:tf*2 (b) tC^T. it'^^W^ 

^x^oiraM^ais i Mm*ro«**c*t>T, 

«t^h<Di*»fcl. 0X10 3 fl/cm' «t-c«» 
KfiiSStl. K&MTC2 0 n meLh©«^B^^ 

■cfeio 5 i/cm J u^c ju-c«e*cctk^ris«ft s n 

tiOttftfcl. 0X1O 1 l/cra 1 ig 
«ffffl«0* f * * is + ©tS«5«»i»««^ 

x^iaa (-ratted it^+^^nit^hu- 
^s^a i gctjsTo 

[0044] (Hfig«7-9) *JfeW7-9CCO^"C 
fc. *3'(a) (b) fc<fctf*4 (a) (b)K?|±tf 

*3 (a) 

(b) Officio* 1 0Qcm©JSil«C^fc©, »4 
(a) (b) 3&sfflBS*0. 0 2 Q cm®8I^i© 

ftir^ ^li^^aatcKWEPftt^iB^KSL/, mm 

(Tm)-8 0 0«r«6. 0"C/»*6'2. 0*C/ 
#<DlBB"C\ Tm*6800 TJ<D^r©*SliiaK««*C 
^t2. 0'C/^«±^^P^S-C^^/Co 8 0 0-C 

^64oo-c<Djfeaiaa»fiH<o^*pafi«^ 2. o-c/ 
«±<c#c« (S?lxrs) «tttt^rn<D*s»t> 1 . 0 x 

10 4 <I/cm J «Tr(S^^n, IS^St2 0nm 
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/J^CBa*tt^1"h©ISft*> 1 • 0X10' I/cm J 

10 fl*«<0KBfc^&B*l22te5^. 

[0045] («Mi«ld-^l 2) 0-1 2CC 

onrfe, «5 (a) (b) *J:WS6 (a) <b)«c 

< a ) ( b ) tfffiia* lOQc mOil* JttcflRS ^ 
6 (a) (b)#&Jn$0. 0 2QcmOfc H H fc»54 

n^wi 0 mmmi iwpwk. 

mS&W 1 2 te®^ u^;l/T\ 3 5 cctjtT <£ 5 tt*§JW& 
£P»B3 0 *5l±iPW«:»IKU fcC Z*&B s a WJ$^S£ 
JBlr»T?l*±tf»«bfc. ttft»aBSKB«H«« <T 
20 m) -8 0 0"C*rtt2. 4V^6 1. 5 'C/^O 
«Ht\ R§W8i1-^t(Cfe^t2. 0'C/»&±<0 
J$4Piia-Cttttl^, 8 0 0 "C^64 0 0'C(Dffil« 
l. 6 - C/#Jfo6l. 2°C/#CDS6Hr, l^aSffiffiO 
4t®BMK«««:^t 1 . 0 -C/#W±e>?££KE 

ft. F b - F -5 i L/^^PCS^II: 5 

KL/fc. xt'$*vwWi<^:/xbu~hV';:3>^ 
x^<Df?®a>5§eS 1 Mm*r©1iWc#C» ,, C fi&fft 
30 StCD-y-^X^O. 1 umyL±OXffi (2?L^B) 

^rn^st i . o x i o< <s/c m 3 eiT'cfias 

KSft»r2 0 nmKi±©a^PBtco^rfc 1 0 

1 l/cni J U^i/rS£*CCj:b^rffiaSftS*iTir*S. 

40 [0 04 6] (HftWl3-15)ISMl3-15{C 
oc^rfc, ^7 (a) (b) toXVms (a) (b) iC 

? \±^m<Dmm&ftt&w&&*7KT. tt*. *7 

( a ) ( b ) jPfflK* lOQc m©»»C«* *><D, ^ 
8 (a) (b) 3W«1S*0. 0 2 Q c m©liA«C«i *> 
<D-e£>£. SUfiWl 3«<SK^, ^S6W 1 4 

^■2 0*<tCf3 0*3IJ#rt«ClSWl/fcCZ*ISJl 

@fifi (Tm) -800°C*-C«6. 5 - C/^^>2. 
50 0 'C/^CDffiHr , $ 6tC 8 0 0 °C*> h 4 0 0 'COffiH 
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0 0 , C©4t©tS*fiKW«:la^t 2 . 0 *Z/WiXk. 

<D&*pagt\ s^cc. 8 oow40 o b co>±t<d 
ISJl»K«««:45C»r i . o T/#«±©»a«irc* 
•>fc. ffrtti/fci/y a * 

&@^Brt>6 4 0 0 •C$T©KiSH©*§Bfflff««*£ 
ft«C«or*L#&r4C<S:tCttO, 0. lumtMX«± 
©£?l^R5 fctM X 2 0 n m«±©8M^PB 6S§**c<S 10 

sjnrc^. x#o. i^m«±<D^ 

fig (2S?L^B) xK**i/+JWi41»'^XhU 

fcn-c c^rnti. oxio 4 <i/cm 5 JsrF-c(g« 

5. 0X10 4 l/cm J «TrW*&ffi«#*5>*i 
*. — 1f^XH/-h'?*^©»3**«« 
^««) "C5i2 0 nmW±©JS/hXRSafSWC>*rn(Dtg 
■fcl. Oxi 0' <I/cm 3 «±r*D, IGSWK 

Orfcfe, xtjr*i/*;WBi1frxH/- h^x^Off 

»/J^IB©x tr * * */ * ;HB^O^* ffl L « -5 /c fl 
[0 04 7] (JBfcMl 6-2 1 ) MUHl 6-2 1 CC 
oi>Tfc, 319 (a) (b) fcJrWRl 0 <a) (b) 

( a ) ( b ) #fi|7i* lOQc mONMUCtoi 

10(a) (b) ififflZmO. 0 2Qcm©*Sa«:«4 30 

(Tm) -8 0 0"C*r«6. O'C/^6 2. 0 *C/ 
#<DffiBT\ Tm^68 0 0 Tlfl>£T©ISaittK««K: 

3^64 0 0'C©«rft»SKHOJ*aai««, 2. o°c/ 

ri. OX/*^©»*fiWtCttft*o*:. WtfOfc 

ffll 8B«B»U^^r(SIHS. Wfcflll 7fcttSaHRU 

mm 1 9 ttBaRu^^rfiBBR. hjswi 2 0 anax 

I6*r*5. xtT»^^ + ;Hgi1f-^XhU-h^y=a 
0. (37LKH) *flB*C»moiSJl so 
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fcl. Oxio 2 I/cm } Ji!TrS«^oK;l/r, 

xio j <i/cm 3 ttT-ca»«c(B«3tirir^. as 
»»r2 o n mM±om^xm&^xi>nm*$<£v<n 

B^6>aS 1 MmitOK^ 1 0 4 i/cm J 

WS^HM (^*««) ttt2 0nm«±OW^ 
RBKttO-rtiflDteafe l.Oxi 0 ,0 <I/cm J m& 

[0048] (SWW22-27) «W!22-27tt: 
oiirfe, «9 (a) (b) *«fcOTRl 0 (a) (b) 
CC5 l±tf «J&©S&ts&# ± if ffi^€:7STo ttfc, SI 9 
( a ) ( b ) ffitSSn^ 1 0 Q c m©*SaK:«S b<0> * 
10(a) (b)#«fa*0. 0 2Qcm©ttatC«S 

tor**. *SOi«trtt, a««rjiMnL&«a«c % * 
ikMi o- 1 2 H5tc*rj:9acz#tsaw 

(Tm) -8 0 0*C*r«2. 4V»*6 1. 5 

•c/fl^fSH-c, ssai5H-r^rtc^r 2. o°c/ 

»^©»«aatt?«a^#- 8 0 0 T» 6 4 0 0TO 
flBHtt 1 . 6 •C/»3^6 1 . 2 °C/#£)ffiB~C, fg^g 
fflB<D±x<Dt&&MS.mm(tc*s^r: 1 . 0 m C/»&L±JD 

^PJIS-C^^/Co Mt^'j3>$fe B a ^ ^x/^ 
ttIX». *"^X h U- ^'i7x^^<!: U^<Z)^ffi«:**S B ^il 

t(»Ufc. S*iSffifc<fc VKIRtftS^HM^ 1 -6 Jc 
smotaS&tmmv. HSS^2 2«fi^^u^;ur® 
^l*SW2 3»«aE*u^^r4i|)«, *Jfet?!l2 4 

mm, jot«2 6tt*a«u^T*ii«, i»«2 

7««K*u^r*BBR<za&»r*5. xtWt 
MitWX V HS/"J a>»5x^©»n*6ailS 1 
Mm*r<D««CCteC>T % itagyrTO. ljum«±(D 
^RlffiSB 1 . 0 x l 0 3 ffl/c m 1 £iT"CB»CC(fi« 

DB*>J:c;»n*6*S 1 /xm*r<OHB«r 1 0 4 fl/c 
m 3 «Tri»CcfiKfkStiTif*4. tf^xhu-h^ 
*^CD»3*'MK« <^<^^««) "C»2 0 nmfeLbO 
»/J\50BSfl[ttl^^(D#Sa«> 1 - 0X10 5 1/cm - 

«XR«ft«**r*9, xf^'>tW6t^ 
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[0049] (JOfc«28^3 3)IB»«2 8^3 3«C 
^t{>, 19 (a) (b)*5<kt«10 (a) (b) 

(a) (b) 3W«Ci*10Qcni<D3feftCC«5t>(D. SI 
10 (a) (b)#g£i$0. 0 2QcmcD*£Sfc:f££ 

4>or<fc*o *HfiiFar«, »£t8ttLfc»acc» m 
mmi 3- 1 s laeccTSfctottczmisaw 

fijg (Tm) -8 0 0°C^"C«6. 5"C/^6 2. 0 
'C/^Dtlt, S6«C800"C3^6400 'C^ESte 
2. O'C/^6 1. Tm*68 0 

o -c©*r ©jsftausflwccjff^r 2 . o o c/#«±<a 

ffl&C. $mW2 8«iBBRU^^ , CfiBHR, SBKW2 

9 u^ji/t o ttissx 
rKKIR, §S5fie»3 i«Sg5ftu^;i/r{gK*, *Sfe£fl 

3 2 6*iSa3RU^-CctiK*, XS6W3 3 
^*«*<Z>*Sa-e**. if^i/tiHif^ h 

(Dif^XtfO. 1 Mm«±co*fi& (£?L*H) ffiKi*l> 

rn©*gafc 1 . oxio 1 1/cm 3 HTrea^o 

WfelO 1 I/cm J 30 
rfe»ffi*5<ta f »n3&>6a?S 1 iim«®«tC 1 0* 

A^W*) Ttt2 0nmJa±<0«/J^I6«accoi^r« 

i>-rn©*sa4> 1. oxi o io ii/cm 3 sssyiEU 

[0 050] (**6«34-3 8) 3 4 - 3 8 

y a > «5 x ^ * x £ * * s/ + Jl/fficci 24M@aifJiStfl§ 
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1. Ox 1 0" atoms/an 1 U^UCDlSiteT^iBKtt 
1.0X1 0 li atoms/an 3 <D1B«KU^;UKKI0TIS» 

X 1 O^atcms/cm 3 6Lb 1 . Oxl 0 1 1 atoms/cm 5 fcl 
~F\ fccfctf&SiffiK#l. OX 1 0 W atoms/cm 3 «£© 

ffiHrsg s nfc« ar * *i tf B«tt«»**r c t % 

11 (a) (b) fc£tf*U 2(a) (b) Cc^r. 
t, til (a) (b) 0QcmO*Sa«C« 
S12 (a) <b)#««*0. 02Qcm<D 

isa«c«i*©r»s. leasiifefttHsccsw^^a 

JUttMIlK (Tm) -8 0 0"C*r«2. 4 *C/# 
jfofcO. 8 -C/»©«l^f L fcWKBIt^t «c 
fcot2. OXJ/^tii-CBft^ote. ^/c8 0 0*C- 

400 -c(DsBaiatt««K:*i*r » 1 . 2 o c/$j*6 

4 <b 3 5 ««R«iffi^rao5»**aS/cA, *ft**lA r 
WBftKl 1 0 0'CT6 0#£5£\ HSS0(I3 6«^M 
SSHM0D^^6/cd?)®^^Hmri 1 0 0-C-C6 
0£\ mkfflZ 7 «t 3 8tetmmSBL<D®mZfl%t£ 
ft, th*tiA r#I«t 1 0 0 0*CtB 0»iA r* 

emr 1300 ws^com^m^mLtc. m&t%g.v 
0. 1 umM±<D£nxm<Dxe$*i/i>j\'mtir7x 

suKyeffl*Bftc*r, 1. 0x1 0 2 my cm 3 «Tr« 

Oxio 3 l/cm J U^^rtEJftJCJt^TTOCCiffia 
Utl^. */c v 1f--fX3&sa^fcl|C-C2 0nm«±©« 

oxio 4 fi/cm 3 «Ti&ottJDai&xi8sa 

<^^««) *C«2 0 n mJy±<D^/J^RS^ 
Ktt^T4i©*Sat> 1 . Oxio 8 fi/cm J eLhr* 

1 1 0 0*C*6 1 2 0 OXm&tfi0* O^o *fc, *H 

o^OTse[r+»r*4o «c*j. Jft*iffliaFffi«<Dx e 
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W;WB*> h If} 

i f * * =y f )im^<D9ZS & b i fc. 
[005 1 ] <30t«3 9~4 1 ) *3W6W3 9*>6 4 
it*. gMimmbtc^-e. «A?l±tiWJA«tctiJI« 

xhu-h5/>;n>^i/\^ffi^«cte(r^-r^W±o 10 
-C>SBWcwa5«S(D^K*s??ffi-r^J:0«5tL. *©« 
•5. -JHttKftfCtt. KXttflEtt 1.0X1 0" atoms/cm 
HZ>&t&\,±. Wim&&&l. 0 X l 0 l 'atoms/cm 3 feLh 

f 1 1 ( a ) ( b ) *5 iC?* 12(a) ( b ) KmT. 
fcfc, ai 1 (a) (b) *U»10QomOgglC 20 
#Sfc©, il2 (a) (b) rtSffifn^O. 0 2Qcm 

^&CZ#^SW^g*ffl , v i r5l±CfWfiSL. ISA* 

ivmmxMMmg. ( T m) ~ 8 0 o *c* -c it 6 . o -c/ 

62. 0 "C/#©ISB-t*\ Tm*)?i800 °C<D£X 
©ttSSa^Kfe^T 2 . 0 •C/#£Lh©?&SaiSST? 
* -? fc„ 800*0*6400 *C©*gSffififfiH©* l R3PiS 

2. o*c/#~o. 

ES©^Ttc4sl»r 1 . 0 X/#Rfc©#*Pai£'CB:fc 

*>o/c. seisw4o«. s 5 Km-ri 5 &*sii©&spf>B 30 

5 l_htfWlS£ 0 . lfe!l#£Piigte3£@SK (Tin) -8 0 
0'CS*TW2. 4*C/#a»61. 5 •C/^©fiffl-C. ^[ 
SSefa-r^T ccfet >r 2 . o •c/#kLL©?#ipjI'S-e 
tiftt^ 8 0 0 'CdiP>4 0 0 'C©ffiH« 1 . 6 °Z/9t 
#>6 1 . 2 *C/^©fSEar, tSEfi,Ki"3B©:£T©;g B l& 

g^cicfc^r i . o 'C/^m±.<o^mmsxs>r>tc. 
•su &gkmsm&temmffim dm) ~8 oo«t 40 

«6. 5*C/#*>6 2. 0 'C/ft<D®mV. £6 £80 
0 'C** 6 4 0 0 *C©ffiH(i 2 . 0 -C/ftfr 61. 2 *C/ 
^■©ffiffl-C, T m#> 6 8 0 0 *C©£r ©*&Bffi£«8K 
fct,»r2. o-c/#Jjl±©ftiPjifgr. £6(c. soo 

•C3t»6 4 0 0 X<D&X<D&£Mffim.K.$5^X 1 . 0 'C 

/^•feLh©^ijiigr*oA:„ i>rn©sij5s^cc*j(,i-c 
fc. xtr^+^ + ;Htair©-t7'^ hu- 3>*? 
^^<omm\t A r #Hm-C 1 1 0 0 "C-C 6 0 L 

/c «gaaa*> 6 4 0 0 -cs-cosaf^a-r^r 
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tz. if-rx 1- u- h 3 x Miits tp.&«Mtnt 1 

G^£ig#*©'C+#**lffiffiK£WLTt>&. tt 

*$. mumwm&ox- 1 * * •> + ;ujSF*?©*Sif H xi<§#fe£ 

[0052] (*IBttW4 2^4 4) "«e»«4 2*>64 

h u- hi/ y 3 >o x^^Ei^ii*cfct»-cse3feJi(±©ai 
3rjtefcffi'fts:m : >. *ngE-9-7'xhb-h^xvMti^ 

b' ^ * + JUJfi£ 5 m 0 U 3 >^^S«-C 
*S. fcSIJWl-Ct*. *^jgg«l. Ox 1 0 ,9 atoms/ 
on 5 b^;l/©i!5iSS-C®^?5S» 1 . OXIO" atoms/ 

6n€>^m«> gf&SS#5. OX l O 11 atoms/cm' « 
±1. 0X1 0 1 6 atoms/cm 3 fci^^ffi'*** 
1.0X1 0 " atoms/on 1 &L±<D®MT-mm$ tltd&ih 

WDSBa^frfc ^J/SllSSti* 11 ( a ) ( b ) is<fc 
0*12 (a) ( b ) K-frsT. Ajrfc. ^ 1 1 ( a ) 
( b ) &m.$im 1 OQc m©ifS B f <C&-5£©. * 1 2 
(a) (b)#ffiffi*0. 02Qcm®ttSK«St>O 
r*S. HJSM4 2K. S4 , C^-TJ: i 5^Bl©?#4Ptg 

***»s**tRfli ofcc z mfeiw^g^mt^r 

I |±{fWsS 0 . ISft^«iaiK«3S@SS ( T m ) - 8 0 
0*C*r«6. 0*C/^*>6 2. 0'C/^©iit. T 
m*>6 8 0 0 •CO£X<Dm&W£!ffimt*sl<*X 2 . 0 *C 
/^«±©^PiIS"C* o /c„ 800W400 'C© 

iSfta*«B©»«aflci*. 2. o-c/^~o. s-c/ 
ft-c&? o tsasaisHor^rKfeiriT 1 . o -c/^ 

SSg (Tm) ~8 0 0'C$Ttt2. 4'C/^-*>61. 
h'Z/9t<D<&WX- , ^UA^M-r^Xl.cis^XZ. o-c 
/»tLh©^PjSfi-C«*l»*s. 8 0 0 'C^ 6 4 0 0 *C 
©ffiH« 1 . 6 'C/»*>6 1 . 2 'C/»©ffiH-C. S?a 

«BH©*-c©e«»js«i«K*»' < >ri. o-cx^«± 
©tespaa-c&ofc. jtfifiW4 4'*. secc^-rj:^^ 

*iiS* S3S§£ RB L- fcC Z M^^WnSL 

(Tm) ~8 0 0'C$r«6. 5*C/^62. 0*C/ 
^©iBEar. S 6K1 8 0 0 *C* J 6 4 0 0 "C©ffi*fB'i2 . 
0 -Q/9ttf> hi. 2 X/ft<Dimx. Tm*> 6 8 0 0 "C 
©£-C©tt*»*«Wc4iC»-C 2 . 0 *C/^JW±©^*P 
iSSr. 3 6tC. 8 0 0'C*>6 4 0 Q'OD±X<JMSM' 
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i o o-ct6 oftmmotc jgiuigf*p6 4oo'cg-c 

fci±©£?L^PS >"C*>1M X#2 0 n miH±<OW\^ 
«tM>«*2 0 n mW±©*KSffiKt*l 0' ii/c m J U 

^u-ciGS»*%i«?a-rs^ii5«ff**^^<' 1 *. * 

tt^ir* 0 . WRVf BWft <h' ©Sfc/hXPI© * f * * f 
CO 053] (it^l~3) ib®Wl*^3T{i. ^ 
m 3 KSft* <fc 5 tt»KlS*«»*«*JW* * C i «Dttt» 

»it©is»w*iHrc9i#±efw«^. m^mmm.\t 
«aaa (Tm) ~8oo-c*t?«2. 20 

0 . 8 •C/^©SEHt?^f L 4> feSSKH "t^X 
T2. OX/ft&LhVteKfr^K: *fc8 0 0*C~4 0 
0-C«^SSSi«((C^'CBl. 2'C/#Xp6 0. 5 

0 -c/wmx «*c* ~> fc. y 3 >»*sb 

JSftttftl 3 <a) (b) *J:Cf*14 (a) (b)K 
St.4fc.ai3 (a) ( b ) 1 0 Q c m© 30 

£fi(Cfli*fc©. *14 (a) (b) tminmo. 0 2 
QcmO^KffiSiCCi^. Jt«Wltt«B«. & 

m«±©*K3 (£?LXfiS) ffiSti^Sa* 1 ®"'^* 5 ® 
TT SfSftte&Sfe©©. 5. 0X10' (S/cm 1 & 
TtefctftfcTIRfcl 0' i/cm' u^KDTBSSrfe 
£. jfi@^»t?2 0nnife(±©»/i^fiS^o^-C4>. x 

1 /Ltm*-C©^«&Cte 2&ac#5. 0X10' <!/ 

cm 1 mnt^ma-r 1 . oxio* n/cm' w±© 

u^;w-c*-5. — ■«J"7'*H'-h'?*-"©J*S4 1 '0 

irw (/<*»««) rt*i. oxio' my cm 3 

[0054] (tt&PI4~6) tb!5t«l4*^6-C«. £ 50 
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5. OX 1 O^atem/on 5 gg£U 

*i5. 0 x 1 0" atoms/on 5 H£&tLtc. £ 

ssajflnfiwatfitu/c teummt. 03 5 & 

»KlSJlft«MR««:RW*C i©ttv»a«©***«*l6 
-8 0 0'C$T?«2. 4'C/#*»<5>0. 8°C/#©I5B 
-C\Zt£fr->tc. ifc 8 0 0 *C~ 4 0 0 •C©teSfi£fH« 

(ctec^-c«i. 2 e>o. 5-c/^ffiffl-c^-r 

I- U- h 1 ? i/-«tL^©SWCie B B B l*5 «mx 

te. **IW©«JfiSfcf^J:^IMaS*»** 1 3 (a) 
(bifeMIH (a) (b)KSt. ttfe. S13 
(a) (b) itf&tnmi 0 Q c m©ISSCCffiSfe© * 
14(a) ( b ) ftsfgJa^O. 0 2Qcm(DiSKi?> 
^©■CabSo . tt«fll4tt<BIBR. tfct80i 5 WttBBt 

tb««6«iaies©fest?*s. xt-$+i/f jwii-y- 

Jsn-c. iBSIfe»©-y-'fX3!>so. 1 um&±<DXm 
?LXRS) IBS. eS»»©-y-< X*S2 0 n m«±©»^ 

jai©ssKoi^Btt^ i - 3 tssinst, mm 

»U«f*al 0 1 m/cm" U^^U. 1. 0X10*1/ 
cm 1 OU-^^-Cli5ffiS-C&-pfc. —73. gE-y^X h U 

FgffiS©*i»I«Be»nT 1 - 0X10' 1/om' U"^ 

-r^««-'<"cwsft^* J . ssiMamtcte^-c. -i7*^& 

/c0S<1U^^©^B^RS©^ (K«6fHl«J©xf$ 
+'>+;Hi'N©^#taL/*3J:D t SBXPi©^) 

[0055] ) VcMMl «. S*©8Sft«* 

» B ^fl±tfW)!SB#. SKRtb©S5RiSlS*J4. 5xi0" 
atoms/era 1 ag.hU 3 • 0X10 

"atoms/cm 5 m&t Lfc. "Tftto*. &k*&&^&< 

WfiSb. *SS^*PjEffi«»HfiS <Tm) ~8 0 0-C* 

BUMBl^r fc*»v»r 2 . o •c/#6Lh"ct*tt*»-a 
fc. *fc8 0 0"C-4 0 0*C©ISS®K««{C*J^"CW 
1. 2"C/^?>0. 5"C/«'©ieH"C!£'-rL/*>feSS 

KS-r^-c{c*jt,»ri . o-c/^-JiLt-cii^^ofc. * 

|- V xni t-€-©*fflCC#!teS©* 5 y mx tf**W 
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©SSig&eMa J: o e fffliMMIUi& 13<a) ( b ) *s J: <1>* 
gU ( a ) (b) (C^T. &*s. 311 3 (a) (b) 
*mm& lOQc m©*SHW:&&fc©. « 1 4 ( a ) 
(b)#ffi^0. 0 2Q cm©fe B B KI6fc©Tfe 

1 Mm*-C(D^tC*i^-C. fig&g©^* 
*so. 1 /xm«±©K« (3?L*RS) SS. £&!«?© 
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§{C#IBL<5j£a j li6ft**>©©. »Ktfc^K©»ES 
SST* S M^^L^^&^KSS* 1 x t' f * f ♦ ^« K 

So 

[0056] 

->'J3>««fc&fl: 100 • cm 







/cm 3 


rnm/# 


teas* 

7cm J 


/cm J 


Tm~-80CrC 

>2.or/» 


80O-40Ot: 
>l.(TC/» 




sawn 


1.0E17 


0.8 


1.0E14 


3.0E17 










2.0E17 


0.8 


2.0E14 


8.0E17 








KJ60J3 


5.0E17 


0.8 


S.0E14 


9.5E17 








&S*i4 


8.0E18 


0.8 


7.0E15 


3.0E17 








*1W5 


1.0E19 


0.8 


1.0E16 


8.0E17 










9.0E18 


0.8 


8.0E15 


9.5E17 








3E1 (b) 


o : mmn. 













/cm 3 


1M X>20nm 
/cm 3 


+M*X>20nni 
/cm 3 


iB/^xA 




9.0E2 


1.5ES 


1.0E9 




306*12 


9.0E2 


6.5E5 


5.0E9 




*mmz 


8.5E2 


6.0E5 


6.0E9 




XK0H4 


6.0E2 


1.0E5 


1.5E9 






6.0E2 


5.0E5 


6.0E9 




^16 


9.0E2 


5.5E5 


8.0E9 
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30 im.2] 
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%2 (a) -> 'J 3 >&l&ftgfl: : 0. 0 20 -cm 













/cm 3 


m±mm 

ram/ji' 


/an 3 


/cm 3 


Tm-800t: 
>2.0t;/# 


800-40013 

>i.<rc/0 






5.0E16 


0.9 


5.0E13 


3.0E17 










1.0E17 


0.9 


1.0BL4 


8.0E17 








MM3 


2.0E16 


0.9 


2.0E13 


9.5E17 








*M«4 


1.0E19 


0.9 


1.0E16 


3.0E17 










1.0E19 


0.9 


1.0E16 


8.0E17 










1.0E19 


0.9 


1.0E16 


9.5E17 









O : «BW. - : «Sn 



*2 (b) 











if>f X>0Aum 
/cm 3 


X>20nm 
/cm 3 


-tJ-f X>20nm 
/an 3 


fiB/#:tA 




8.0E2 


1.0ES 


3.0E9 






8.0E2 


5.0E5 


6.0E9 






7.5E2 


5.0E5 


6.5E9 






5.0E2 


1.0E5 


5.0E9 


MB***** 




5.0E2 
8.0E2 


4.0E5 
S.0E5 


8.0E9 
9.5E9 





[0 05 81 



* * [*3] 



10 0' cm 

















Tm-aKTC 


800^400t: 






/cm 3 


mm/# 


/cm 5 


/cm 3 


>2.0TC/^ 


>!.(«:/» 




HJS0J7 




1.2 




2.0E17 


o 






*tttt8 




1.0 




8.0E17 


o 










1.1 




10.0E17 


o 







S3 (b) 











■il"fX>0.Um 
/cm 3 


1M X>20nm 
/cm 3 


1M *>20nm 
/cm 3 






3.0E3 


1.0E4 


1.0E8 






5.0E3 


2.0E4 


5.0E8 




£E5Sfll 9 


6.0E3 


4.0E4 


5.5E8 
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S4 (a) 








: 0. 0 20 


• cm 








/cm 3 


3IJLJIK 
mm/ft 


/cm 3 


/cm 3 


>2.0C/# 


800-400 V 

>i.<rc/# 








1.0 




2.0E17 


O 










1.0 




8.0E17 


O 










1.1 




10.0E17 


o 







*4 (b) 













-tf— f X>0.1*im 
/cm 3 


1M X>20nm 
/cm 3 


IK X>20nm 
/cm 3 


iffi/$x/\ 


£fl6*l7 


2.0E3 


1.0E4 


2.0E8 






4.0E3 


1.0E4 


6.0E8 






S.0E3 


4.0E4 


8.0E8 





[0060] * * t* 5 1 

gjj (a) ^'j3>3SjRftigfft : 1 QQ* cm 









/cm 3 




/cm 3 


/cm 3 


Tm-SOOt: 
>2.0C/5> 


800— 400t: 

>i.<rc/ft 








1.0 




3.0E17 




o 








0.9 




8.0E17 




o 








0.8 




10.0 El 7 




o 





O : HBA. - : «att 



*5 (b) 





lt:M-j»S lum*R8 




Xhf»*K& 




-tM X>0.L^m 


-*M X>20nm 


-tJ — T X>20nrn 






/cm 3 


/cm 3 


/cm 3 




10 


7.0E3 


5.0E4 


6.0E6 




torn n 


7.5E3 


9.0E4 


2.0E7 




3U80U2 


9.0E3 


1.0E5 


4.5E7 





[006 1] 385 388 



S6 (a) 






->U3 




: 0. 0 2C 


• cm 








/cm 3 


mm/fr 


/cm 3 


NrifcKX 

/cm 3 


Tm~800'C 

>2.ot:/# 


800-4<XTC 








0.9 




3.0E17 




o 








0.8 




8.0E17 




o 




F;W.IH 




0.8 




10.0E17 




o 





o : mm* - : mmn 



SS6 (b) 









xfcfjffcfft 




1M X>0.1am 
/cm* 


IK X>20nm 
/cm 3 


1KX>20nm 
/cm 3 


«/tf xA 




6,0E3 


4.0E4 


7.0E7 




r.ffjiH 


6.5E3 


7.0E4 


4.0E7 






8.0E3 


9.0E4 


8.0E7 





^2 00 0- 1 09 39 6 
34 



* * [317] 

->'j3>»Sitgft : 1 00 • cm 





Itefisfctt 










KflS* 


Tm-SOCC 


800~40(rc 






/cm 3 




/cm 5 


/cm 3 


>2.0"C/# 


>i.o-c/# 








1.2 




3.0E17 


O 


o 








1.1 




8.0E17 


O 


o 








1.1 




10.0E17 


O 


o 





o : - : nmn 



*7 (b) 











/cm 8 


1f-f X>20nm 
/cm 3 


-*-f 2>20nm 
/cm 3 




13 


1.2E3 


8.0E3 


2.0E8 




14 


3.0E3 


1.0E4 


6.0E8 






4.5E3 


2.0E4 


5.5EB 





* [S8] 

•>'J3>ggfcgft : 0. 0 2Q-cm 









/an' 


mm/# 


/cm 3 


/cm 3 


Tm~800'C 

>2.<rc/# 


800~400"C 
>1.0"C/«' 




l:r -KIM 




1.2 




3.0E17 


o 


O 








1.2 




8.0E17 


o 


O 








1.2 




10.0E17 


o 


O 





*8 (to) 





xkf#ffi-»3 lurn*8S 


/W**RS 


XfcfJSfcRS 


/cm 5 


U"f X>20nm 
/cm 3 


IM* X>20rai 
/an 3 




mm 13 


1.0E3 


5.0E3 


4.0E8 




*«M 14 


1.SE3 


1.0E4 


8.0E8 




SMM16 


3.0E3 


1.6E4 


9.SE8 





[0064] 



[89] 



(19) WH200 0- 1 0 9 39 6 

35 ^ 36 

39 (a) H3>IBtKtt: 10Q-cm 





















M /ui m 




/mm ^ 

/on 


nun/ jt 


/ cm 


/cm 


rflr /4* 
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